Eleven families of 21-hydroxylase deficiency are submitted to segregation analysis. With demonstration of the computational procedure, it is confirmed that the mode of inheritance of this disease is autosomal recessive with no sporadic case in the present material.
INTRODUCTION
Much efforts on the segregation frequency of rare disease under single ascertainment have been done by various authors (Weinberg, 1912; Haldane, 1932; Fisher, 1934; Bailey, 1951; Smith, 1956; Li, 1964; Sevin, 1975 and Davie, 1979) , but statistical studies have apparently been overlooked on genetic heterogeneity. Haldane (1949) first introduced a concept of the sporadic cases in the segregation analysis which has been developed by Morton (1959) . Although Crow (1965) has illustrated the computational procedures, yet it is heavily dependent upon electronic computers.
In the present communication, simple formulae for a test of genetic heterogeneity as well as an estimation of the proportion of sporadic cases, and the test of segregation frequency are given for data collected by single ascertainment, a common practice of family selection on rare diseases. The formulae are then applied to a typical example, the deficiency of 21-hydroxylase that is the most common type of congenital adrenal hyperplasia (childs et al., 1956 ) SEGREGATION 
ANALYSIS
In single ascertainment where a nuclear family is selected through an affected child (proband), the families apart from the probands could be treated as a random sample from population; namely, the method of family selection becomes a complete ascertainment through parent. Because of removing probands from the sample, the probability of ascertainment becomes zero.
Suppose that p and x be respectively the segregation frequency-and the proportion of sporadic cases. For the sibship size s with the number of affected siblings r, including proband, the expected probability of simplex families where there only one affected person or proband in sibling is
since simplex families are either due to sporadic cases or due to chance isolated cases under genetic hypothesis. The expected probability of multiplex families, having at least two affected individuals in sibling is
where ~-lCr-1 = (s -1) !/[(r -1) !(s-r) !] is the binomial coefficient (Morton, 1959) . A method of maximum likelihood scoring under the genetic hypothesis of no sporadic case (x=0) yields the U-scores which represent the observed deviation from the genetic hypothesis as
where R, N and T are the total number of affected siblings, number of siblings with only one proband and total number of siblings, respectively, and n~1 -N (4) Ux= ~s (1-p)s-1 in which nsl is the number of simplex family with sibship size s. The amount of informations, designated by K subscripted with the corresponding parameters, are then
and
where ns is the observed number of family with the sibship size s.
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A test of genetic hypothesis for the segregation frequency may be performed by the value
which asymptotically be the chi-square variate with one degree of freedom. The observed segregation frequency ~ is obtainable as a solution of the maximum likelihood equation Up = 0; namely,
with the variance
The results of (9) and (10) were first derived by Fisher (1934) . The test of the hypothesis of no sporadic case (x = 0) may be made by utilizing the value of asymptotic chi-square with one degree of freedom: (12)
RESULTS
Based on eleven probands of the deficiency of 21-hydroxylase, their siblings as well as parents are examined by the endocrinologieal assay and the HLA typing (Nishimura et al., 1980) . Thus the method of ascertainment is typically single for eleven nuclear families. Since all parents are phenotypically normal, a SR table was constructed as shown in Table 1 , in which each entry, denoted by nsr, is the observed number of families with the sibship size s and the number of affected siblings r. As noticed in (1) and (2), one child family (s= 1) or uniplex family does not give any information on disease segregation, N= 10 families contribute to the analysis. The total number of affected persons was R= 14, and the number of siblings was T=25 ( Table 2 ). The observed frequency of segregation is therefore 15=0.27+0.11 (formula (9)) which indicates an autosomal recessive gene to be responsible. Under the genetic hypothesis that p = 1/4 and x = 0, the U and K scores are (from (3), (4), (5) and (7)) Up=1.3333, Kpp=80., Ux=-0.2224, and Kxx= 5.7033. The value of chi-square for p and x are respectively (1.3333)2/80. =0.0222 (from (8)) and (-0.2224)2/5.7033=0.0087 (from (11)). Two values are not statistically significant at 5 percent level. Those calculations do not themselves prove that the deficiency of 21-hydroxylase is due to a recessive gene without genetic heterogeneity, but do infer that the distribution of affected children in the families does not differ significantly from that would be expected if the disease were due to such a gene. An approximate estimate of the proportion of sporadic eases is from (12) as x= -0.04+_0.42. hypothesis that Ho: p=l/4 and x--0. The result is by no means statistically significant (~=7.12 with four degrees of freedom).
DISCUSSION
A negative estimate of x may reflect the sampling bias toward to multiplex family. This tendency of family selection could also be noticed in the observed frequency of segregation (15=0.27), somewhat exceeded the expected one (p=0.25). By all means, the excess is negligible.
A high value of the standard error to x indicates either due to a smallness of sample size or due to possible genetic heterogeneity. However, HLA typing revealed that not only the locus of 21-hydroxylase deficiency was tightly linked with the HLA loci so that a gene controlling the deficiency of 21-hydroxylase was on no. 6 chromosome, but also all parents were carriers of the gene responsible for the deficiency of 21-hydroxylase (Nishimura et al., loc. cit.) . This means that there is no sporadic case of the disease in the present data. Segregation analysis might have required a large size of sample to reduce the standard error of x to prove factually no sporadic case. In addition, it can be shown that the estimate of the proportion of sporadic case is very sensitive to the probability of ascertainment, yielding the highest value at single selection (Yasuda, 1981) . In the present paradigm therefore there is little evidence of existance of sporadics. Statistical analysis thus should accompany with laboratory approaches, or at least should indicate the direction of laboratory studies. In summary, we conclude that in the present material the deficiency of 2I-hydroxylase is controlled by an autosomal recessive gene.
